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A Practical Method for Predicting Initial Maintenance Time To
Repair (MTTR) Using Maintenance Complexity in Equipment Design
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Abstract Recently, in designing military equipment, considerable attention has been paid to maintaining
operations, including reliability, maintenance, and maintenance time of equipment, from the early stages
of development. Therefore, both users and developers stress the importance of design considering the
maintenance time. This study evaluated the specific methodologies for predicting the realistic
maintenance time, such as the access complexity of equipment, other than the standard maintenance
time provided by the conventional method mil-hdbk-470a at the beginning of the design, and applied
the time conversion factor using a measure of the maintenance complexity. In addition, the actual
maintenance time reflecting the actual maintenance time of the developed equipment and the
time-conversion factor applied was compared/verified to confirm the reliability of the data. In a study
to set a target for repair and the repair of equipment design in the future, it is expected that the
maintenance time of equipment that fails to measure the maintenance time for the initial actual
equipment will be reflected as a more realistic time. Moreover, activities, such as research and design

reflection activities, will be performed to reduce the maintenance time, operational maintenance cost, etc.
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Fig. 1. Maintenance Research
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Fig. 2. Maintenance Research by AR/VR
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Derivation of maintenance elements

{

Calculate the relative importance of
each maintenance element

{

Prediction of maintenance time based
on MIL-HDBK-470A

{

Calculation of maintenance
complexity of maintenance
procedures

{

Prediction of Maintenance Time
Considering Maintenance Complexity

Fig. 3. Research Process

« A literary citation

* Maintenance Specialist Interview

-

» Calculate relative importance using AHP technique

{

« A Study on the improvement Procedure of the

Construction Time in the Existing Development

4

« Evaluation of maintenance elements based on the

projects

prepared maintenance procedures
» Calculation of maintenance Complexity Using

Evaluation Results

Fig. 4. Research Process procedure
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No. | Maintenance element Definition
1 Accessibility Ease of access to maintenance targets
- Level at which maintenance method and
2 Standardization !
tools are standardized
3 Modularization Ease of maintenance due to modularity
Provide suitable identifiers for improved
4 Identification
serviceability
5 Tools Suitable using tools
Safety assurance level for technicians and
6 | Maintenance Safety b
equipment

Fig. 5. Maintenance Element
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£ =Fo|A+= AHP(Analytical Hierarchy Process)
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109 ol3e] £4/4U7 A74 6%, —r’q'H]E 7idst

£ 54 A7 2%, ALEAY 4 19, 15974
24 1502 F 1090l AHE A
Professional Field Number of index
people
Mechanic engineer 2
ILS Researching engineer 6
Product engineer 1
Quality engineer 1
Manager 1

Fig. 6. Specialist personnel organization

AE7E Aol AHPE 918 4Hd 24 4Ee &
PS9T HF L Fig. 7 3 2.



AR &85 =5 4] 41208 A9E, 2019

(3 Point) | (2 Point) | {1 Point) (172 Paint) (1/3 Point)
How mch more impartant is Accessibilty t1an Standardizadon 7 2.00
How much morz impottant is Acczssibility than Modularization ? 1.00
How much mor= impottant is Acc2ssibility than Idertification 7 05
How much morz impottant is Acczsshility than Taols 7 2.00
How much morz impottant is Accassibility than Maintenance safety ? 0.50
How much morz important is 5t “han ? 0.50
How much morz impottant is 3t ion -han Idertification ? 0.50
| How much mors impattant is Standardization han Teols ? 1.00

How much morz impattant is 5 “fan Meainterance safety 7
How much morz impotant is then Icentficatior |
How much morz impotant is Modularizalian then Tools 7 [
How much mor= impottant is Modulaztion then Marenance sefely 7
How much morz impotant is dertiication then Tools ”

How much mor2 impotant is dertiication than Maintenenze safely
How much mor2 impotant is Tools than Ma n-etance safety 7

033
0.33
03
03

03
033

Fig. 7. Specialist Survey (sample)
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3 2 1 12 13
Accessibility (ummimmmimmimsin)  siandardization
Accemibilin Modularization
m Identification
ol e
o o 1
Tools m Maintenance
! ! ! ! ! Safety
A e
Accessibility ./5 233 144 136 225 136
Standardization %%%% 0.62 0.87 141 0.70
Modularization %%%%%% 0.98 149 119
Identification %%%j’%%%%% 2.06 123
el
No. Maintenance element Relative Importaced

1 Accessibility 0.248

2 Standardization 0.126

3 Modularization 0178

4 Identification 0.183

5 Tools 0.102

6 Maintenance Safety 0.162

Fig. 8. Importance calculation(AHP)
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Standard Time
Maintenance Procedure Qant |Time (std)| T Time
Mode . .
(ea) | (min) (min)
1. Removethe two screws Standard
securing the timer using a Screws 2 0.16 032 h|—
screwdriver, Remove
2, Pullthe timer forward to
’ Taperpin
disconnect the connector of 1 0.07 0.07
I ) Remove
the wiring from terminal 1.
2, Pullthe timer forward to Taperpin
disconnect the connector of perp 1 0.07 0.07
- . Remove
the wiring from terminal 2.
4. Removethe timer from the Modules
- 1 0.09 0.08
power distibution swstem, Remove
Total Time 0.55
Time Standard Times
Standard Description Remove | Replace | Interchange
Number min. {min.) min.
— TASIENER — |
[ . T [T Je= =
2 YPE XIe |2} 043 0.60
3 5 018 020 035
4 mlock) 008 0.05 013
3 0.06 0,06 012
6 006 0.08 [ E)
7 Machme Screws 021 0.46 0.67
8 Nuts or Bolts 034 oH 078
9 Retainimg Rings NA 027 NA
ATCHES
10 Drawhook 003 003 0.06
11 Spring Clip 0 003 0.07
It Runers ane byl 0

TABLE D-IV. Element Maintenance Ations
(MIL-EDBK-470A Appendix D))

Fig. 9. Maintenance Standard Time
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deviation) (add to RY)

Ci_Is the maintenance area visble to you regardiess of eventing else?

C2.Isthere a place for easy use of hands of tools during maintenance?

C3.Is it easy to visuslize what to do duing maintenance?

C4. re there enough room for operators to access areas where
maintenance s required?

C1.Can It be serviced vith seneral tools?

C2.Is the repair method of the fastener and connectors urified?

C3 s the maintenance method standardized?

220

Accessibitty 0

0248 079

530

Standardizaion (0.95)

0128 0677

7
Wodularization | C1. Is the maintenance item modularized and easyto perform? (2 537 0178 0482

CiIs identfiers provided for easy maintenance?
C2 Does the organization provide infomation  effectively using letters or
colors?

C3. Can the identity of the maintenance position be understood intuitively?

o] e | om

410
(0:88)

C1. Can the identity of the maintenance position be understood inuitively?

C2 Do the tools required_for maintenance require_no special siils?

C1 Does the maintenanceensure the safety of the technician and ensure
effective malntenance?

G2.Is there no safety factor for technicians due to eauipment failure during
maintenance

0.102 0429

240

089 ot

0552

0321

Fig. 10. Maintenance Complexity
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Task name Real Time(T Measure) 470A Time(T standard) Delay Time

[TASK A 103 33.54 69.46

ITASK B. 8 351 449

[TASK C. 35 112 2,38

[TASK D. 33 2154 17.46
[TASKE. 38 22,67 15.33
[TASKF. 23 1957 3.43

ITASK G. 38 26.05 11.95

[TASK H. 43 37,55 11,45

[TASK L 13 6.43 857

[TASK J. 10 5.6 4.4

[TASK K. 13 9.96 3.04

ITASK L. 105 1417 90.83

[TASK M. 28 15,83 1217

[TASK N. 23 2022 778

[TASK O. 43 31,44 17.56

Fig. 11. Maintenance Time Comparison and Delay
Time
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.1 7, (Maintenance Complexity Factor)

9 Aol 83t Zo] A7t o] AHP 71
AMERE AR 84e] A SRS AlESel 74
848 YrpEe, A S8 7SS 853 F T2
A= ARSIl T g2 0.3212 AFESHIH:

O A
=

3.2 7, (Time Conversion Factor)

A A = 27] BREE Q5T o, ’%_‘—é HIA]
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7] e ARIES] AY] TaskZ 246719] A=7gH]|
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ﬂ]%asure) = ﬂStandard) + ﬂD@lay)

where Teasure) = Actual Maintenance Time
T(standard = MIL-HDBK-470A standard time
Tpelayy = Delay Time

ﬂDelay) - ﬂ&andard) X H(S) X H(C)

where Tsundard = MIL-HDBK-470A standard time

- Time Conversion Factor

- Maintenance Complexity Factor
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ns = (ﬂﬂkasure)/ ﬂStdem’d) —1 )/nc

Slof oz da Aol el 7,9 ghe
Selgla, I g 0.969089 & AHEsteict.

3.3 Z7| GHIE HIES 2lot SieX FH| 2212
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o
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T= Tgmdarat Taaa

where T - New Product Actual Maintenance Time
T(standard) = mil-HDBK-470a standard time
Twdd = Add Time

o =412 A-8o7] flofo] vl BEXEE 1=t

2P e Al Thedt 2

)

TAdd = Tﬁtandard X HC X Hs

7]l the AlLE $2]0] F-gsto] FIMAHE A
Akgltt,

7, (B8 BRE A$) 1 0321

m, (AZHEEAS) © 0.969089

g 4o et S8 o=t 2t

Time

Maintenance N
Conversion

Devels t Equi it
evelopment Equipmen Complexity

Factor
D E
A B C 0321 0969088868
Real Check Time (T | Standard Time
Measure) (T standard)

Task Name Delay Time

Power Supply Repair 103.00 33.54 69.46| 10.76634| 6451588934
Switching Hurb Repair 78.00 33.10 44.9] 106251) 422584258
| Timer Repair 3.50 1.12 2.38] 035952| 6.619937695
EMI Filter Repair 39.00 21.54 17.46| 6.91434| 2.525186786
Cable Repair 38.00 22.67 1533 7.27707| 2106617036
Power Control Switch 23.00 19.57 343 6.28197) 0546007065
Switch Assembly Repai 38.00 26.05 1195 8.36205| 1429075406
SBC Repair 49.00 37.58 1145 1203355| 0949927615
|Antena Repair 13.00 6.43 6.57] 2.06403| 3.183093269
Fan Assembly Repair 10.00 5.60 44| 17976| 2447708055
Indicator Repair 13.00 9,96 3.04) 319716| 0.950843874|
T Module Repair 105.00 14.17 90.83 4.54857| 19.96891331
Comunication Module 28.00 15.83 1217 508143) 239499511
|Air intake Module 28.00 20,22 7.78 6.49062| 1.198652825
Data Storage Board 49.00 31.44 17.56| 10.09224] 0039634412

Fig. 12. Task list & Time(sample)
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Fig 12+ 9 AGE 5171 948 AH| Task Lists
gHrolt, F 246709] taskE AlEZ ARESFY, ZA|
TaskE9] & AHAIZHAZ)S 4953.5 A7t Standard
A7) 32 3778.19 AlZto|th.

AZ(Measure) A7t Standard A7) Aol
1175.31 A E11 o] 4] X AAXZHDelay time) 2
2 5 5 ok

olof a = 4959.5

b = 3778.19
c = 117531
m. = 0.321

T, = 0.969089

2 %5 4] sk,

a=b+c

c=b x 7w, x w, 7} H1,

1175.31 = 3778.19 x 0.321 X 0.969089
a = 3778.19 x 1175.31 = 4959.5 7} €t}

g 21 22k Tasko] 2-gake A2 ou]7t ¢l
o} I o]f= A=A7H MIL-HDBK-470A°14 AA]
Sh= standard time 9] AIZEP7E GASHA] %, ]
30| wat GEkA]7] fEolt}. 8|7t Tt Taske
3% Bzl digt ou7t gl7] dige] ASAIztt
Standard Time ¥ A2] fARE 497} WA= gt

%7 g2 Hist B2 AlRE 7FA|A Taske] ¥
TS A-8oto] AMHIAISE Ao, HdHoR
9] 2 AAERNA Y] Aol 7k ASTt
AEE 4 9l Floth
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9Igt FuAITE ARE Al AIAIE glo] 7]& ARE o]8%t
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Maintenance Maintenance Compl

exity Evaluation

Calculation of standard m
aintenance standard time

Prediction of
maintenance

Procedure Analysis
J Time

Fig. 13. Maintenance Analysis Process
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